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We propose a drilling and coring system that is an
extension of the technology presently used on Earth for the
Manned Mars Mission. This extension of technology will
include the addition of feedback controls for optimum
drilling and remote operation. Proposals on power,
communications, structures, materials and drilling equipment

are provided.



EROBLEM STATEMENT

Backgroupnd: In the mid 1970’s Viking Missions began
exploring mars by taking photographs and surface samples.
Manned missions are being planned for the future. To help
study Mars, soil and rock samples will need to be recovered
and returned to Earth. The crews will also need to perform
construction, place scientific equipment, and perform
excavation projects which all require hole drilling.

Although many of the drilling techniques on earth can be
used on Mars, most are not feasible because of cost, power
requirements, weight, or soil sensitivity. There are
several traditional rock drilling techniques that are used
to drill a hole recover core samples.

Rotary drilling consists of turning a drill bit while
applying a downward force on it. There are several
different style bits that may be used with this technique.

Percussive drilling consists of repetive impaction of the
bit into the rock. The impact can be delivered from the top
of the drill and transmitted through the drill rods to the
bit, or the impact mechanism may travel down the hole with
the bit. Most percussive drilling techniques employ a slow
rotary action to speed the drilling rate.

Both of these drilling methods must use a fluid under



pressure or a compressed gas to remove drilling chips and to
cool the bit.

For sampling loose material, a split spoon sampler is used
to obtain a core. One method used to recover a rock core is
to pull the drill bit containing the core out of the hole,
removing the core from the bit, and putting the bit back
into the hole. Another way to recover a rock core is the
wire line method in which the core is recovered without
removing the drill from the hole.

There are several advanced drilling methods available, but
these techniques require more energy to operate than do the

traditional techniques.

Performance Qbjectjves: The performance objectives of the
design problem is to create a 10-meter drill which can
recover core samples and drill a variety of holes and hole
sizes. The drill will also perform from vertical to 30
degrees in one direction. Since any location on Mars is
possible and the composition of the crust is udknown, the
drill must be insensitive to rock or soil types. The drill
will be controlled from a manned substation for much of the
operation. This substation will control a number of drills
in real-time. The drill should be light weight and modular
in design for mobility. Because repair equipment and
maintenance personnel are limited on Mars, high reliability

is necessary to maintain full operation.



Constraints: The design of this system is limited by cost,
size, power requirements, and other constraints. The
reliability, light weight modular design, and cost mentioned
above are also design constraints. The dimensions of the
drill, power supply, and other equipment are limited by the
weight, mobility, feasibility of transportation to Mars, and
cost reduction. Because the drill is controled from a
substation, the drill needs to be automated, semi-automated,
or remotely controlled. The operator must be able to
control a number of drills simultaneously in real-time. The
drill operators will be in space suits, so human factors are
essential, especially in the removal of cores,
transportation, and simple repairs. Temperature variations,
unknown rock and soil compostion, low gravity, and low
density atmosphere have to be considered in the design and
construction of the equipment. Sand storms, the lack of an
ionosphere, and low density atmosphere exclude many options
for a communications system. Because there is only one
geosynchronous satelite, the substation can control drills

on less than half of Mars.



Mars: General Information

The purpose of retrieving core samples is to determine
the composition of the Martian crust and its geologic past.
Although probes have landed on Mars there is still very
little known about the planet. Some Knowledge of the
atmosphere and crust composition does exist.

The Martian atmosphere consists largely of CO, at a very
low pressure and density. Along with these atmospheric
conditions, the gravity is 12.375 ft/s which is
approximately 38% of earth’s gravity. The atmospheric
conditions are such that dust storms may develop, some
lasting up to one year with winds reaching speeds as high as
200 miles per hour. Because of low atmospheric pressure and
density these winds have the same effect as 20 mph wind on
earth. The surface of mars is covered by dust carried by
the dust storms.

The emerging picture of Mars also includes a crust made
up of volcanic basalts, the same rocks commonly present in
terrestrial provinces and throughout the lunar maria. Under
oxidizing conditions the iron rich minerials of the basalt

probably weather to form a mixture of yellow, limonite



coated grains and fine grained clay mineral. There is
evidence that a thick permafrost covers the entire planet
and extends to a depth of about 1| Km at the equator and

several Kilometers at the poles.




Assumptions

1) There will be relay link stations for communications if
the habitat or remote substation is beyond the line of
sight.

2) A Martian rover with the capability of lifting and
transporting the drilling system is being designed by the
University of Wisconsin.

3) The rover will also be able to return core sample
containers, discharged batteries, and empty compressed gas
cylinders to the base station and return thenm.

4) The base station will have the capability to compress CQ,
that will be used to remove the drilled sediment and cool
the bit.

5) There will be a pressurized transport container to hold
the core samples.

€) A hand held drill similar to the‘one used in lunar
missions is used to dArill the hole that are required to set
the slip joint anchors.

7) There is a3 high percentage of rock in volcanic areas

where many of the core samples will be taken.



Drilling Methods

This drill uses a rotary diamond bit and a 3 inch
diameter wire line core barrel to obtain a 2-3/64 inch
diameter core sample 5 feet in length. A starter barrel of
18 inches is run through 2 or 3 times so that a core barrel
can then be set down in the hole. As the core barrels
fill-up they will be recovered by the wire-line method.
These will be done by a robotic arm that is responsible for
picking up empty core barrels from the core barrel rack at
the side of the drill and placing them in the drilled hole
to continue drilling. This operation will be monitored via
camera, placed on the tripod which will relay the picture to
the remote substation.

To achieve the 30 degrees from vertical angle the drill
head is mounted on a plate that can rotate 360 degrees. The
down-force required for drilling and recovering core
samples, about 7000 pounds, is produced by two hydraulic
cylinders. To clear the hole of the drilling chips
compressed CO, is pumped through a water swivel at the top
of the drilling rod down the core barrel then across the top

of the bit cooling it. When the CO, reaches the bit it



expands causing more cooling. The compressed CO, then
pushes the sediment up the hole between the rod and the wall
until it reaches the top where the sediment enters the

atmosphere or falls to the ground around the drill hole.



Prilling Structures

The drill sits on a sled that is made of aluminum which
is then anchored by four slip joint anchors. These anchors
are placed in small holes, .75 inches, that are drilled in a
36x40 inch rectangle. These slip-joints consist of a long
bolt that goes through two slip wedges into a nut. The
anchors are set by using a T-handle that fits on the two
tabs on the bolt, and tightening the bolt causing the
overall length to shorten thus causing the slip wedges to
expand and tighten against the sides of the hole. A tripod

is used to aid in the removal of the core barrels when they

become full.




There are a variety of power systems that can be used,
but providing a light weight system is a difficult task. The
drilling station needs between 15 and 20 Horsepower for the
drill plus wattage for the robotic arm, the camera, the
communication system, and a heating system. Compared to the
drill’s power requirements, the rest of the power
consumption is negligible. Nuclear reactors, radio isotopes,
fuel cells, combustion engines, solar collectors, and
batteries were all investigated. Because of radiation risks
and cumbersome shielding, nuclear reactor systems were
disregarded. Also eliminated were solar collectors, because
on Mars a collector would need to be the size of a football
field to produce the necessary power.

Internal combustion engines can easily produce the
necessary Horsepower, but they would have many problems. The
exhaust will pollute the martian atmosphere. The engine will
weligh at least 100 pounds without fuel. The high fuel
consumption, 2 or 3 times greater than fuel cells,

reinforces the case for not using internal combustion

engines.




If the power system chosen produces electric power, it
will need to be converted into mechanical power. A dc motor
was developed for the Space Shuttle Orbiter elevon which
provided approximately 17 HP. This motor uses a permanent
magnet rotor and air cooled stator windings, which can be
achieved with some of the compressed CO,. The motor designed
was 11.25 inches long and 17.16 lbs. This high efficiency,
light weight motor sounds desirable but it requires 300
volts and around 4C amps.

Providing a large amount of electrical power with radio
isotopes is not desirable. The weight of a 500 watt isotope
system is over 100 lbs. Also, the amount of fuel necessary
to produce high power may be difficult to obtain.

Rechargeable batteries are more suitable to this
application, because they can be recharged at the habitat.
This recharging requires fewer batteries to be delijivered to
Mars, reducing weight and its assocliated cost. A
high-energy-density rechargeable battery, Li-NiF,,
discharges in about 10 hours with about 100 W-hr/lb of
power. A large mass is needed despite the high density.

The best power system appears to be fuel cells along with
the above mentioned dc motor. Fuel and fuel tank weight, of
1.51b/kW-hr, #ill be approximately 450 lbs for a 20 hour
drilling operation. Even though this seems to be a marginal
selection, it has an advantage. It produces | 1lb/Kw-h of
water which can be used by the habitat.

If the main power system fails, a backup system will take




over the responsibility. During a main power system
failure, only the communications system will be operating.
The Li-NiF, battery, discussed before, can be used in a pair
combination, as the backup system. Two should be used to
allow for a 20-hour discharge rate.

Normally the drilling system would provide some heat
after initial warm-up. If the main power system failed,
then the drill would not be providing heat. The heating
system would have to be maintained in a power failure.
Because of the cold temperatures on Mars, it would be better
to use a low-temperature battery. This is so that in a
heating system failure, some power could be provided. Some
of these low-temperature batteries have lead-sulfate
cathodes in solutions of ammonia. These have been shown to

operate as low as -73 degrees Celsius.



Communjications

There is a real-time data transfer requirement between
the drill station and the manned substation. The data being
transmitted will include continuous video pictures from the
camera, communications from astronauts working on the drill
station, and information about the drill bit, robotic arm,
core barrel, and drill speed. Because low power
transmission of real-time pictures cannot be achieved with
satellites, line of sight communications must be used.
Knowing this, a radio frequency transmission system will be
implemented. The video picture transmission will occur at a
different frequency than the astronauts.

The temperature and pressure of the drill bit, the rpm’s
of the motor, the drill speed, the drilling rate and CO,
tank pressure will be sent along the same frequency using
time division multiplexing. There will be a seventh time
division for 2-way controls with the robotic arm. When the
core barrel pressure sensor detects the need to remove
barrels, the signal overrides the robotic arm controls and
informs the drill controller. Since the robotic arms

primary purpose is to remove the core barrel, robotic



controls will rarely be transmitted when the sensor is
triggered. The emergency shutdown warning signal has
highest priority on this line.

The safety of the astronauts maintains highest priority.
A transmission frequency is assigned strickly for
communications with astronauts working on the drill station.
Two-way real-time communications with the substation is
provided. This system will be a hook up system which can be
used without the main system. The astronauts will connect
their system to the larger one so that better transmission
and receiving will occur. Also the small transportable
battery system which the astronauts carry will not be
drained because they will be using the power from the
drilling station.

The receiving will include the commands for changing CO4
tanks, adjusting the hydraulic down force, adjusting the
transmission, and turning the power on or off along with the
communications with the astronauts and the robotic controls.
The CO, tank control is received through the same window as
the CO, tank pressure is transmitted. Also sharing windows
are the hydraulic adjustments and the bit pressure, the
drill speed and the transmission controls, and the motor
RPM’s and the power ON/OFF signal.

Frequency modulation and demodulation can be used to

implement this system. Each part of this communication



system is often used on earth, so there will be few problens
implementing this system. Radio relay links can be used to

comnunicate beyond the line of sight.




CONTROLS

" The controls are generally run through an on board computer with an
override by the manned substation. The information received from and
sent to the substation is also sent to the computer.

When the power on  signal is sent, the on board control system begins

operation. The motor rpm, the drill speed, and the drilling rate are the

parameters needed to control the transmission system. The pressure monitors

will switch the input tanks as one runs low of 002. The amount of 002
being released is controlled by'the bit temperature.

The robotic arm will be programmed to remove cores and replace empty
drills. The arm has two telescopic extenders allowing an overall length
of six feet. The robotic arm knows to remove the core sample because th
pressure of the core piston will close a switch at the top of the barrel.
This closed circuit warns the motor to turn off and the robotic arm to
remove the core. The manned station is capable of overriding the

programming



Construction and Assembly

Construction of the drilling system will require at least
two people for effective assembly. First, the holes will be
drilled to anchor the drill skid by using a hand held drill
to drill 3/4 inch holes in a rectangular pattern, 36x40
inches. Then setting the anchors and securing them will
follow. A hoist on the land rover will be required to lift
the drill and set it in place. After aligning the drill
with the anchors, they must be secured to the drill via nuts
and washers. The hoist also will aid in the construction of
the tripod. First the legs of the tripod are assembled by
placing the male and female ends of the legs together and
inserting the connecting pins. Next the core barrel and
drill rods will need to be set. Referenced from the rear of
the drill they will be located on the right side, in the
middle about three feet from the drill. Finally, connect all

power sources and the system is ready for operation.




Materials

The drilling equipment must be built using materials that
will minimize weight while maintaining enough strength and
durability for the necessary drilling operations. In an
attempt to Keep the martian equipment similar to what is
used on earth, we plan to model as many parts as possible
from the equipment currently used on earth.

Although the equipment will be built with as many light
we ight parts as possible, some parts will have to be made of
steel. Due to the low temperatures on Mars, all steel parts
must be made from a high carbon steel because low carbon
steels have poor properties at low temperatures. All casings
and most structures will be manufactured from aluminum
alloys or composite materials. This includes the pump
housing, the main sled mounting plates, the tripod, and the
robotic arm extensions. All shafts and bearings will be made
of steel. This includes the shafts and bearings inside the
pump, the hydraulic cylinder push rods, and the joints and

bearings in the robotic arnm.



QOperational Procedures

After assembling and anchoring the drill rig the
astronauts are not needed at the drilling station for the
drilling operation. When starting a new hole, a starter
core barrel will be used. This core barrel is 18 inches in
length and is used for the first three cores. This makes
the hole deep enough to insert a five foot core barrel. As
the drilling proceeds, drill rods are added to the rod until
the desired depth is reached. Core samples are removed fronm
the outer core barrel using a cable pulled up by an electric
wench on the surface. The robotic arm retrieves the full
core barrel and places an empty core barrel down the hole.
To ensure proper operation of the drill the bit temperature,
bit pressure, drill speed, motor rpm, drill rate, and
pressure in the CO, tank are measured. This data is
analyzed and the proper adjustments‘are made by the feedback
control system or by an operator from a remote control
substation. If the bit pressure is too high or two low, the
hydraulic cylinders will be adjusted until an acceptable bit
pressure is reached. The transmission gearing is controlled

by the motor rpms and drill speed. When the transmission




gearing is adjusted to achieve the desired drill speed and
the proper bit pressure is obtained, the flow of CO; is
adjusted to properly cool the bit.

The most frequent maintenance operations will be to
exchange charged batteries for discharged ones, and to
replace empty CO, tanks with full ones. During these
routine visits, astronauts will check the lens shield on the
video camera for pitting and replace the shield if it is
danmaged. Less frequent maintenance includes joint
lubrication and cleaning wvhen necessary.

Even with a strict maintenance schedule and proper
operation, the drill may fail to perform its task. The most
probable cause for failure would be a dull bit. This
problem can be cured by simply replacing the bit. A bit can
become dull from normal wear or from overheating.
Overheating may be caused by a less than adequate flow of qu)

too much down force or too high a drill speed. These
destructive problems may arise from equipment trouble or
operator error.

Basic guidelines for proper drill oéeration using NQWL

bits:

Bit load = 4000 to 8000 pounds




Drill speed = 800 to 1200 RPM

Drill rate = 3 to 4 in/min

To calculate the RPI index, divide the drill speed by the
drill rate. This gives the number of revolutions the drill
turns for each inch of penetration. For this drill, the RPI
index should never be much lower than 250, as bit wear would
be accelerated. to prevent polishing of the bit, the RPI

index should not exceed 300.




Human Eactors

Since an astronaut on Mars has very limited sensory
perception and limited physical abilities, his activities
should be designed with his limitations as parameters.
Although there is very little gravit} on Mars, the mass and
thus, the inertia of a moving object does not change.

Although this drilling rig is as automated as possible,
humans on Mars will have to initially set up the drill rig
and perform maintenance operations. The astronauts will
have to locate the anchor positions and then use a hand
drill to drill 3/4 inch diameter holes for anchor placement.
After the anchors are placed in the holes, they must be
expanded using a special T-handle tool. When all four
anchors are set, the drill sled is placed with the
protruding anchors in the holes of the mounting tabs. A
washer and nut is then placed on each anchor and tightened
down with a conventional type wrench. The drill must then
be assembled on the sled.

When assembling the tripod, astronauts will have to mate
the two halves of each leg and insert two retaining pins at
each joint. The CO45 tanks and batteries will have to be

easily exchanged by an astronaut for ease of maintenance.
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Alternate Desians

Many of the alternate topics are discussed under their
separate headings.

Drilling: There are 'several alternatives to drilling
such as percussive, laser and water jets. There are also
combinations of drilling techniques, such as rotary
percussion. The laser and water jets require large amounts
of energy which make them impractical. A percussive type
drill, similar to a jack hammer, is a good choice since the
compressed CO,y is readily available at the site.

Power: Two good alternatives to power sources are
internal combustion engines and air motors. The IC engines
would require oxygen bottles, which could be aquired from
the habitat, to run the engines. Also, with the IC engine
an electric generator could be added to produce power for
units such as multi-stage pumps or robotic arms and cameras.
The air motors can also be used to power the drill. The air
motors could be powered by compressed CO; which is already
being used to clear the hole. A great deal of compressed

gas is necessary to use air motors.
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ME 4182 GROUP #3

AUTOMATED 10-METER MARTIAN DRILLING SYSTEM

Date: January 14, 1986

Week of: January 6, 1986

Progress Report #1

1) Used CatCom to find sources pertaining to Mars and its
environment.

2) Located drilling equipment technology and manufacturers,
using CatCom and products catalog of the VSMF,.

3) Searched through University Studies, Mars Project from
John Butler.

4) Discussed the problem and possible solutions.

5) Drafted a problem statement.




ME 4182 GROUP #3

AUTOMATED 1O-METER MARTIAN DRILLING SYSIEM

Date: January 21, 1986

Week of: January 13, 1986

Progress Report #2

1) Continued research on drilling methods and equipmgnt.

2) Continued research on the surface environment,
atmosphere, and geological composition of Mars.

3) Used Engineering Index Monthly, Index to the Transactions
of ASME,and Index of Science and Technology to find Keywords
to conduct an on-line database search.

4) Submitted a purchase request to Price Gilbert Memorial
Library for an on-line database search.

5) Discussed with Gary McMurry our project and the problenms

we are having.




ME 4182 GROUP #3

SEMI-AUTOMATED 10-METER MARTIAN DRILLING SYSTEM

Date: January 28, 1986

Week of: January 20, 1986
Progress Report #3

1) Attended meeting on drilling conducted by Mr. Carroll
Crowther and Mr. David Federer.

2) Final problem statement was discussed and written.

3) Continued research on drilling and the planet Mars.

4) Talked with reference librarian, Mr. John Sherman,
conducting database search.

5) Communication options were discussed with Dr. Steffes of

The Electrical Engineering School.



ME 4182 GROUP #3

SEMI-AUTOMATED 1Q-METER MARTIAN DRILLING SYSTEM

Date: February 4, 1986

Week of: January 28, 1986

Progress Report #4

1) Discussed and proposed Martian landing sites.

2) Began construction on the design chart for our drill.

3) Looked through the International Association of Drilling
Contractors (IADC) Drill ing Manual.

4) Looked through commercial drilling brochures from several
drill manufacturing companies.

5) Talked with Mr. John Sherman about the status of our

database search.



ME 4182 GROUP #3

SEMI-AUTOMATEDR 10-METER MARIIAN DRILLING SYSTEM

Date: February 11, 1986

Week of: February 4, 1986

Progress Report #5

1) Developed a report outline.
2) Checked out a map of Mars from the library.
3) Looked at some of the articles from our database search.

4) Visited the Fern Bank Science Center Library and the Mars

exhibit.



ME 4182 GRQOUP #3

SEMI-AUTOMATED 10-METER MARTIAN DRILLING SYSTEM

Date: February 18, 1986

Week of: February 11, 1986

Progress Report #6

1) Selected a back-up power supply systenm.

2) Conducting research on multi-stage pumps.

3) Conducting research on hydraulic fluids.

4) Contacted Jerry Edwards at the U.S. Forestry service

about light weight anchoring systems.
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ME 4182 GROUP #3

SEMI-AUTOMATED 1O0-METER MARTIAN DRILLING SYSTEM

Date: February 25, 1986

Week of: February 18, 1986
Progress Report #7

1) Met with Jerry Edwards of the U.S. Forestry Service and
discussed light-weight anchoring systen.

2) Started initial calculations to determine the volumetric
rate of CO2 needed to cool the drill bit and to remove drill
cuttings.

3) Started initial calculations to determine the H.P.
required for drilling.

4) Discussed robotic arm assembly and job functions.

5) Discussed core sample size and drilling holes for
placement of scientific instrument$ with Dr. Wampler of

Geophysical Sciences.




ME 4182 GROUP #3

SEMI-AUTOMATED 10-METER MARTIAN DRILLING SYSTEM

Date: March 4, 198eé

Week of: February 25, 1986

Progress Report #8

1) Learned how to use IBM CAD system in French Building.

2) Created two drawings using IBM CAD systen.

3) Visited Brainard and Kilman and talked with Mr. Brainard
about small drilling rigs.

4) Continued calculations on required up~hole velocity.




ME 4182 GROUP #3

SEMI-AUTOMATED 10-METER MARTIAN DRILLING SYSTEM

Date:March 11, 1986

Week of:March 4, 1986

Progress Report #9

1) Completed project: Semi-automated 10-Meter Martian

Drilling Systen.
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UP=HQLE VELOCITY

Dimensions of particle

Radius Area
.01250 .00049

Weight on Mars

Earth weight Mass
.00000085 . 00000003

Constants

Density Coef. of Drag
.00200 .47000

Velocity(Ft/sec)
14.30

Volume
.00001

We ight (MARS)
.00000033

Area(Ft)

.00000341




UB-HQLE VELOCITY

Dimensions of particle

Earth weight
.00000682

Constants

Density Coef.

.00200

Velocity(Ft/sec)
20.22

Area
.00196

Mass
. 00000021

of Drag
.47000

Volume
. 00007

We i ght (MARS)
.00000262

Area(Ft)

.00001364



UE-HQLE VELOCITY

Dimensions of particle

Radius
. 05000

Weight on Mars

Earth weight
. 00005454

Density Coef.

.00200

Velocity(Ft/sec)
28.60

Area
. 00785

Mass
.00000169

of Drag
.47000

Volume
. 00052

We ight (MARS)
.00002096

Area(Ft)

. 00005454



Radius Area Volume
.01250 .00049 .00001

Earth weight Mass We ight (MARS)
.00000085 . 00000003 . 00000033
Constants
Density Coef. of Drag Area(Ft)
.00140 .47000 .00000341
Velocity(Ft/sec)
17.09




UR-HOLE VELOCITX

Dimensions of particle

Radius Area
.02500 .00196

Earth weight Mass
.00000682 .00000021

Density Coef. of Drag
.00140 .47000

Velocity(Ft/sec)
24.17

Volume
. 00007

We ight (MARS)
00000262

Area(Ft)
.00001364




N U N A BN I U BN W S

Dimensions of particle

Radius
. 05000

Weight on Mars

Earth weight
.00005454

UP-HOLE VELOCITY

Area
.00785
Mass
. 00000169

Coef. of Drag

.47000

Volume
. 00052

We ight (MARS)
.00002096

Area(Ft)

. 00005454
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Mqi;mum ¥.’ofce. = 9000 lbe |
Numoee of FTagterers = 4

Matzrial . ASTM  AS7Y .
Vied Strergin = 160,000 psc

Sogéns Yoé\{'ot = 4

Force per Nosherner = Q.iﬁgob_%_)_‘_l_ = 7000 b/ boHt
oHs

Tensi! Arca Qe'%u‘\\‘ed: 3000 Yog = 0563 w?
166,000 1k Jiw*

Tensil Avea o8 " UNF Lotk = 0580 w?
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